This study examined the diversity and structure of gut microbiota in healthy adults 33 and chronic traumatic complete spinal cord injury (SCI) patients, documented 34 neurogenic bowel management of SCI patients. The V3-V4 region of 16S rRNA gene 35 from DNA of 91 fecal samples of 48 healthy and 43 diseased subjects was amplified 36 and sequenced. There was difference in gut microbiota between healthy adult males 37 and females. Neurogenic bowel dysfunction (NBD) was common in patients with 38 chronic traumatic complete SCI, patients with quadriplegia have longer time to 39 defecate than paraplegic patients, with higher NBD scores and heavier neurogenic 40 bowel symptoms. Gut microbiota dysbiosis existed in SCI patients. The abundance of 41 Veillonellaceae and Prevotellaceae increased while Bacteroidaceae and Bacteroides 42 decreased in SCI group. The abundance of Bacteroidaceae, Bacteroides in 43 quadriplegia group and Acidaminococcaceae, Blautia in paraplegia group were 44 significant high than the health male group. Serum biomarkers GLU, HDL, CR and 45 NBD symptoms defecation time, COURSE had significant correlation with microbial 46 community structure. This study presents a comprehensive landscape of gut 47 microbiota in adult male patients with chronic traumatic complete SCI and documents 48 their neurogenic bowel management. The gut microbiota dysbiosis of SCI patients 49 was correlation with serum biomarkers and NBD symptoms.
location of bowel care was bed (44.2%)，potty chair (37.2%) and toilet seat (18.8%). 155 53.5% patients need all help during the defecation time, 25.6% patients need partial 156 help, 20.9% patients can defecation independent. 62.8% patients had an abdominal To exclude the effect of gender on gut microbiota results, we selected 23 male 177 healthy individuals and 43 male patients with spinal cord injury to perform a 178 comparative analysis. Demographics and serum biomarkers between male healthy and 179 patients with chronic traumatic completed SCI were showed in Table2. 180 Briefly, a total of 2247802 sequences were obtained. Reads were clustered in 181 OTUs at 97% of identity. The rarefaction curves showed clear asymptotes and the 182 Good's coverage for the observed OTUs was 99.88%, which together indicate a 183 near-complete sampling of community. 798 OTUs are recognized in total. No 184 significant difference in OTU abundance (ace, chao1 index) was observed between 185 health male and SCI populations. In genus level, OTU diversity index Simpson 186 showed a significant difference between two groups(P=0.03635)( Fig.2A) . This 187 indicates a decrease in intestinal flora diversity in patients with SCI. 188 The PCA on phylum level and the NIMDS on OTU and genus level of 189 beta-diversity analysis showed there were significant differences in bacterial 190 community composition between two groups. ANOSIM/Adonis revealed significant 191 differences in the structure of gut microbiota among the two groups(p＜0.05) 192 (Supplementary File 2). PLS-DA revealed that there were significant differences in 193 bacterial community composition between two groups on OTU，phylum and genus 194 level(p＜0.05) ( Fig.2B) . 195 STAMP analysis indicates there were 9 of top 15 genus showed a significant 196 difference(P＜0.05)among two groups(Welch's t-test). The abundance of in male group were significant high than the SCI group(p<0.05，Mann-Whitney U test) ; the abundance of Bacteroides、 Blautia、 Lachnoclostridium、 Escherichia-Shigella 200 in SCI group were significant high than the male group(P< 0.05，Mann-Whitney U 201 test)( Fig.2C, D) . By LEfSe analysis (LDA threshold of 2), it was found that 202 Veillonellaceae and Prevotellaceae were significantly enriched in SCI group compared 203 with Bacteroidaceae and Bacteroides enriched in healthy male group.
204
According to NBD constipation symptom, we divided the SCI patients into 205 constipation group and without constipation group. STAMP analysis showed a 206 significant difference(P＜0.05)among two groups(Welch's t-test) in 207 Bifidobacterium on Genus level (Fig.3A) . We also divided the SCI patients into 208 bloating group and without bloating group according to bloating symptom, STAMP 209 analysis showed Megamonas had a significant high(P＜0.05)in bloating group and 210 Alistipes had a significant high(P＜0.05)in without bloating group on genus level 211 ( Fig.3B ).
212
The selected environmental factors: BMI, AGE, ALT, AST, GLU, TG, TCHO, 213 HDL, LDL, UREA, CR, UA for RDA analysis. One-way ANOVA showed statistically 214 significant differences in BMI, GLU, TCHO, LDL and UA between the two groups(P 215 ＜0.05). RDA/CCA showed that GLU(p=0.017, r²=0.1315)、 HDL 216 (p=0.028 ,r²=0.1121) 、CR(p=0.017, r²=0.1349)significantly affected bacterial 217 composition in phylum level；In top 20 genus，BMI(p=0.04, r²=0.0971)， GLU 218 (p=0.044, r²=0.108)and HDL(p=0.001, r²=0.3044)significantly affected bacterial 219 composition. We can found that Serum biomarkers GLU、 HDL and CR had significant correlation with microbial community structure ( p<0.05).
Correlation heatmap analysis of different environmental factors on the 222 community composition of two groups showed that Proteobacteria was positively Comparison of the gut microbiome in quadriplegia and paraplegic groups 233 We divided the 43 SCI patients into 20 quadriplegia group and 23 paraplegic group, the 234 characteristics and neurogenic bowel management were showed in Table 1 and 3. We found 235 that the defecation time of quadriplegia patients (41.789±19.29minutes) was significant high 236 than paraplegic patients (30±13.94minutes) (P=0.026). 237
The rarefaction curves showed clear asymptotes and the Good's coverage for the Blautia, Prevotella_9, Phascolarctobacterium, Parabacteroides, (Eubacterium)_rectale 259 showed a significant difference between the three groups (P< 0.05，One-way ANOVA 260 test)( Fig.6 ).
261
The selected 16 environmental factors were: BMI, ALT, AST, GLU, TG, TCHO, 262 HDL, LDL, UREA, CR, UA, AGE, COURSE, CRP, NBD-score，Defecation time for 263 RDA analysis in quadriplegia group and paraplegic group. One-way ANOVA showed statistically significant differences in BMI, HDL, UREA, APOA1and defecation time between the two groups (Table3).
266
RDA/CCA showed that GLU (p=0.014, r²=0.1969)、 HDL (p=0.009 ,r²=0.2274)、 Discussion: 281 In this study, after verified the differences in gut microbiota between healthy adult 282 males and females, we compared the gut microbiome between healthy adult males and 283 male patients with chronic traumatic complete SCI. The neurogenic bowel 284 management of SCI patients in our center were firstly reported through cross-sectional 285 interviews. We try to explore the association between gut microbiota and environmental factors in quadriplegia and paraplegic groups; analyse the correlation 287 between gut microbiota and neurogenic bowel symptoms. The results of neurogenic 288 bowel symptoms in SCI patients were related to some gut microbiota and it may help 289 explain the potential link between gut dysbiosis and NBD symptoms in SCI patients.
290
Acute traumatic SCI (ASCI) used to appear mostly in adults (21-69 years), the 291 causes of injury were fall from height (37.5%), traffic accidents (26.9%) (32,33). This 292 was also consistent with traffic accidents (37.2%), fall from height (20.9%) in this 293 study. The average age of SCI patients in this study was 39.9 years old, which was in 294 the prime of life and was more susceptible to accidental injuries such as high-energy 295 trauma. After chronic course, the most common complication those patients hope to 296 resolve was NBD. Gut microbiota may be a potential method to improve this problem. population. Their results suggest that these differences may be influenced by the grade 303 of obesity (34) . The abundance of Bacteroides was higher in females than in males 304 was same with Haro's research (34) . In fact, gut microbiota composition seems to be 305 more influenced by ambient and dietary cues than by genetic factors and The relative abundance of Bifdobacterium was significant high in constipation group 378 in our study, we thought in the chronic course of constipation symptom, the patients 379 may have used the probiotics which including Bifdobacterium. More investigation is 380 needed to determine the interaction of these bacterial. 381 We also examined the association between serum biomarkers and the gut 382 microbiota. Prevotella is considered a beneficial microbe, but it is also linked with OTUs detected using a similarity threshold of 97%. 721
Supplementary File 2: 722
ANOSIM/Adonis on OUT, phylum and genes level revealed significant differences in the 723 structure of gut microbiota among the healthy male and SCI groups(p＜0.05).. 724 
